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PRIMARY BILIARY CIRRHOSIS AUTOANTIGEN 

This invention relates to the 
identification, cloning and expression of an 
auto-antigen which is recognised as a target in the 
characteristic autoantibody response in primary 

5 biliary cirrhosis (PBC)/ and to the use of this 
protein, fragments thereof or fused polypeptides 
containing the protein or fragments thereof in 
diagnostic tests for PBC, and in treatment of 
patients suffering from PBC, 

10 Primary biliary cirrhosis (PBC) is a chronic 

disease characterised by progressive inflammatory 

obliteration of the intrahepatic bile ducts. The 

disease is marked by an autoantibody response to 
1—4 

mitochondria , originally identified using 

5 

15 immunofluorescence , With the recent use of 
immunoblotting^ specific proteins have been 
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recognized as targets of the anti-mitochondrial 

2 6 7 

antibodies (AMA) of PBC ' ' . In particular, serum 
% antibodies to a 70 kilodalton <kd) protein have been 

i found in greater than 95% of patients with PBC but not in 

m 2 8 

1 5 patients with other autoimmune liver diseases, ' ; two 

other proteins of 45 and 39kd are less frequently detected 
12 9 

in PBC sera ' ' , The identity of each of these 
I autoantigens has been unknown, as is the relationship of 

these antigens to the pathogenesis of the disease. 
1 10 However, the 70kd antigen is highly conserved in 

evolution, being present in mammals, yeast and 

bacteria^^ and it is therefore believed to have an 

2 

important structural or biological function - 
I Despite the paucity of data on mechanisms of 

3 IS anti-mitochondria 1 antibody formation, by enzyme-linked 

immunosorbent assay (EhlSA) , clinically more than 95% of 

patients with PBC can be found to have such 

2 6 

anti-mitochondrial antibodies ' - When crude 
mitochondrial antigen preparations are used/ subjects with 
a variety of diseases, including patients with liver 
diseases other than PBC, certain connective tissue 
diseases/ and drug reactions/ and occasionally even 
healthy individuals , can also be demonstrated to have 
antibodies to mitochondria. Accordingly, assays using 
such crude preparations are unable to provide specific 
diagnosis of PBC. By way of example, German Patent 
Publication No. 3,237,602 discloses an ELISA for detection 
and determination of antimitochondrial antibodies in serum 
i using a crude mitochondrial antigen preparation. The lack 

of specificity of the assay is evident from the suggested 
use of the assay in the specific diagnosis of disorders 
such as PBC as well as the cholestatic form of chronic 
active hepatitis, syphilis (II), drug-induced pseudo lupus 
erythema todes syndrome, certain primary non-hepatic 

35 
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inununopathies / iproniazid-induced hepatis and side effects 
of certain medicaments such as beta-receptor blockers. By 
more vigorous isolation of mitochondrial membranes^ the 
problem of antigenic heterogeneity becomes clearer and has 

5 led to definitions of specific mitochondrial antigens 
based on trypsin sensitivity and location of antigens 
within inner vs outer mitochondrial membranes. 
Notwithstanding thiS/ however, the diagnosis of PBC still 
relies heavily on the demonstration of anti-mitochondrial 

IQ antibodies by the relatively insensitive procedure of 

immunofluorescence or by more sensitive, but still 

relatively nonspecific, methods, including complement 

23—2 8 

fixation, ELISA, and immunoprecipitation 

The present invention is based on the 

15 identification of a cDNA clone derived from a rat liver 

gene expression library that expresses the 70kd 

mitochondrial autoantigen of PBC, (called M2 by some 

1 9 

groups of investigators ' ) and on sequence 
determination thereof* The sequence is encoded by nuclear 
20 and not mitochondrial DNA, 

The present invention thus provides the basis of 
an extremely sensitive and specific diagnostic ELISA for 
anti-70kd antibodies found in PBC. 

According to a first aspect of the present 
25 invention, there is provided a DNA molecule comprising a 
nucleotide sequence substantially corresponding to all or 
a portion of the base sequence coding for the 70kd 
mitochondrial autoantigen of primary biliary cirrhosis 
(PBC), or an antigenica lly active fragment thereof. 
2Q Preferably, the DNA molecule in accordance with 

this aspect of the invention is characterised by at least 
a portion thereof comprising a base sequence substantially 
as shown in Figure 6, or a fragment thereof. 

In another aspect, this invention provides a 

35 
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recombinant DNA molecule comprising a nucleotide sequence 
as described above, operatively linked to an expression 
control sequence • Such a recombinant DNA molecule may for 
example comprise an expression vector such as a 

5 bacteriophage or plasmid, or a host cell such as a 

bacterium or other microorganism transformed therewith* 

In yet another aspect of this invention there is 
provided a synthetic peptide or polypeptide displaying the 
antigenicity of all or a portion of the 70kd mitochondrial 

10 autoantigen of primary biliary cirrhosis, or an 
antigenically active fragment thereof. 

Preferably, the synthetic peptide or polypeptide 
of this aspect of the invention is characterised by at 
least a portion thereof comprising an amino acid sequence 

15 substantially as shown in Figure 6 or Figure 8, or an 
antigenically active fragment thereof. 

Such a synthetic peptide or polypeptide may, for 
example, be prepared by expression of a host cell ^ 
transformed with a recombinant DNA molecule as broadly 

20 described above, either as a fused polypeptide or 

directly. Alternatively, it may be prepared by chemical 
synthesis, such as by the well-known Merrifield 
solid-phase synthesis procedure* 

The present invention extends to the synthetic 

25 peptide corresponding to the entire 70kd autoantigen, and 
to nucleotide sequences coding for the entire autoantigen, 
as well as to fragments thereof. By way of example, one 
such fragment is the fragment encoded by nucleotides 
76-679 of Figure 6. This fragment of approximately 200 

3Q residues is capable of adsorbing out of a patient serum 
all antibodies directed against the native autoantigen. 
Within this fragment is a 20 residue fragment of amino 
acid sequence: 

AE lETDKATIGFEVQEEGYL 
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which has been demonstrated to have substantial reactivity 
with autoantibodies. This fragment is common to the 
sequences of both Figure 6 and Figure 8. The present 
invention therefore extends to the use of antigenically 

5 active fragments such as these, as well as to the use of 
the entire autoantigen, in diagnostic assays. 

The present invention also extends to the use of 
the synthetic peptide or polypeptide, or fragment, of this 
invention as an antigen in a diagnostic test for PBC by 

10 detection or determination of the titre of 

antimitochondrial antibody in a patient's serum, for 
example using ELISA or RIA technology or an agglutination 
assay using antigen-coated beads or the like. The 
invention also extends to use of the synthetic peptide or 

,5 polypeptide, or fragment, in the treatment of patients, 
in this latter aspect, such methods of treatment include 
the use of the synthetic antigen, as an adsorbent to 
remove PBC antibodies or reactive cells from a patient, as 
well as the use of these active components in direct 

20 administration to a patient as a desensitizing ^^^"^ 

eliminate or diminish reactivity of the patient to the PBC 

autoantigen. x.-^^^ 
in addition to use of the synthetic autoantigen 
in the detection of anti-mitochondrial antibody in a serum 
, sample, the present invention extends to use of the 
synthetic peptide or polypeptide, or fragment, m the 
measurement of class-specific immunoglobulin titres using 
specific typing reagents. Applications also extend to the 
measurement of the affinity of either the whole 
autoantibody, or the affinity of individual classes or 
subclasses of the autoantibody. Affinity may be — 
by a number of procedures, for example, by replicate ELISA 
assays performed using different washes of guanidme 
thiocyanate^^ A further extension of the diagnostic 
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assay is the measurement of the degree of interference of 
autoantibodies with the enzymic function of the 70kd 
autoantigen -(now shown to be lipoate acetyl transferase, 
see later) * The source of the enzyme may be derived from 
5 expression of full length clones as native polypeptides or 
fusion polypeptides/ or from expression of enzyraatically 
active fragments or purified protein from mitochondria* 
The enzyme assay is a standard assay well known in the 
art, but modified to include a step of incubation with 
10 sample serum or cells* In yet a further extension of the 
use of the synthetic peptide or polypeptide, or fragment, 
there is included the measurement of reactivity of patient 
cells to the autoantigen. The synthetic peptide or 
polypeptide, or fragment, may be added, in solution or 
15 bound to a solid support, to patient cells derived from 
peripheral blood or from tissue biopsies either 
unf ractionated, fractionated or as a continuous cell 
line. Reactivity to the autoantigen may then be measured 
by standard proliferation assays such as incorporation of 
20 tritiated thymidine, standard cytotoxic assays such as 
release of marker radioactivity from target cells, or 
other standard assays of cellular reactivity which are 
well known in the art. 

In one particularly important aspect of this 
invention, there is provided a diagnostic test for 
detection of antimitochondrial antibody in a serum sample, 
which comprises the steps of: 

(i) contacting said serum sample with a synthetic 
peptide or polypeptide displaying portion of the 
70kd mitochondrial autoantigen of PBC, or an 
antigenically active fragment thereof, said 
synthetic peptide or polypeptide being 
immobilized on a support, and 

(ii) detecting the presence of anti-mitochondrial 

35 
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antibody in said serum bound to said synthetic 
peptide or polypeptide. 

In this aspect, the invention also provides a 
diagnostic test kit for detection of anti-mitochondrial 
5 antibody in a serum sample, which comprises: 

(i) a support having immobilised thereon a synthetic 
peptide or polypeptide displaying the 
antigenicity of all or a portion of the 70kd 
mitochondrial autoantigen of PBC, or an 

10 antigenically active fragment thereof, and 

(ii) means for detecting the presence of 
anti-mitochondrial antibody in said serum bound 
to said synthetic peptide or polypeptide* 
Preferably the detection of the presence of bound 

15 AMA is by use of well known RIA or ELISA techniques. 

AS a result of the production of a recombinant 
fused polypeptide displaying the antigenicity of the 70kd 
mitochondrial autoantigen of PBC, this autoantigen has now 
been identified as lipoate acyltransf erase • In addition, 
20 the immunoglobulin isotypes of the anti-mitochondrial 

antibodies has been determined, and IgG3 has been found to 
be the predominant isotope in a group of PBC patients, 
with igM next most prevalent* Comparison of serum 
immunoglobulin isotype levels of PBC patients with healthy 
25 normal adults has shown that serum IgG3 and IgM were very 
elevated in PBC; IgG3 at 5,5 fold and IgM at 4,3 fold 
above normal. 

In accordance with the present invention, 
expression of the cDNA insert encoding the mitochondrial 
30 autoantigen, or fragments thereof, may be achieved in a 

number of different ways. The detailed description herein 
provides examples of expression as B-galactosidase 
fusion proteins in the vectors Xgtll and pBTA224, using 
as host cells E.coli strains such as JMlOl, JPAlOl and 
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7118. Successful expression of the autoantigen as a 
fusion protein may also be achieved using the well-known 
PVC vectors/ or using the pGEX series which give 
expression of glutathione S-transf erase fusion proteins, 

5 again using E.coli as the host cells. Alternatively, the 
mitochondrial autoantigen may be expressed as a non-fused 
polypeptide/ by using appropriate vector and host cell 
combinations. Other vector and host cell combinations 
which can be used in accordance with the present invention 

10 including a number of well described yeast shuttle vectors 
growing in yeast cells / or eukaryotic vectors in 
continuous cell lines, or transgenic animals* 

The identification/ cloning and expression of the 
70kd mitochondrial autoantigen of PBC in accordance with 

15 the present invention, and its use in an ELISA, will now 
be described in detail, with reference to the accompanying 
drawings in which: 

Figure 1 shows specificity of the fused 
20 polypeptide. In lanes A and B, two different PBC sera at 
a dilution of 1/1000 were probed against lysates of pRMIT 
transformed JMlOl cells. Both sera reacted with a 
polypeptide at 160kd. In contrast, in lanes C and D, the 
same sera were nonreactive when probed against lysates of 
25 control cells containing an irrelevant insert that is also 
fused to B-galactosidase. The reactive bands in lanes C 
and D correspond to H. coli proteins. Duplicate blots 
probed with normal sera at 1/100 and 1/1000 failed to 
detect the fused polypeptide and are not shown. There is 
3g some breakdown of the fusion protein with reactivity at 
36kd. 

Figure 2 shows identification of the pRMIT fused 
polypeptide. The reactivity of absorbed and unabsorbed 
PBC serum against human placental mitochondrial proteins 

35 
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after PAGE was determined. In lane A, the probe was an 
unabsorbed PBC serum at a final dilution of 1/2000. In 
lane B, the probe was the same serum at a final dilution 
of 1/2000 after extensive absorption for 72hr against 
5 cells transformed with non-recombinant pBTA224 and passage 
over a solid support to which had been bound a lysate of 
cells transformed with non-recombinant pBTA224, In lane 
C/ the probe was the same serum at a final dilution of 
1/2000 after absorption for 72hr against cells transformed 
jQ with non-recombinant pBTA224 and passage over a solid 
support to which had been bound a lysate of cells 
transformed with expressing pRMIT. The serum was also 
studied at 1/200 and 1/20,000 (Table II). 

Figure 3 shows specificity of affinity-purified 
^5 antibody. In lane A, an unabsorbed PBC serum at 1,2000 
was probed against placental mitochondria, reacting with 
both the 70 and the 45kd protein. In lane B, the column 
eluate was probed against the same mitochondrial 
preparation. Note the reactivity was only to the 70kd 
Q protein, and the reduction in signal correspond to the 
expected recovery for such elution. Even on a very long 
autoradiographic exposure time of Iwk, there remained 
activity only to the 70kd protein (data not shown). In 
lane C, the eluate was probed against a sonicate of 

^ induced JMlOl transformed with pRMIT. The intensity of 

5 

the 160kd fused polypeptide was due to the large quantity 
of fused polypeptide expressed. In lane D, the eluate was 
probed against a sonicate of induced JMlOl transformed 
with an irrelevant plasraid that encodes an abundant fused 
^ polypeptide. 

Figure 4 shows immune response of BALB/c mice 
immunized with pRMIT induced fused polypeptide. Placental 
mitochondria were separated by PAGE on a 7.5% gei and 
blotted onto nitrocellulose, and the fractionated proteins 
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were probed with sera at a dilution of 1/1000 (lane A) or 
with serum from a patient with PBS at 1/1000: immunized 
mice produced antibody against the 70kd but not the 45kd 
protein. 

5 Figure 5 shows immunofluorescence of HEp-2 

cells. BALB/c mice were immunized with the purified fused 
polypeptide and sera incubated with HEp-2 cells. Note the 
typical mitochondrial pattern of reactivity. 

Figure 6 shows nucleotide sequence of pRMIT and 

10 deduced amino acid sequence of the 70kd mitochondrial 
antigen of PBC. 

Figure 7 shows comparison of sensitivity between 
the EIiISA (+) and immunofluorescence (a) detection of 
AMA in PEG, PBC sera were tested at every 10 fold 

15 dilution stating from 1:1000 in the ELISA whereas in the 
immunofluorescence against Hep-'2 cells every 2 fold 
dilution starting from 1:10 was used. The positives on 
ELISA were defined as 2 S.D. O.D. units above the mean ^or 
normal sera. 

20 Figure 8 shows the nucleotide sequence and 

deduced amino acid seqiiBnoe of a 2.2kb cDNA insert that 
encodes the human equivalent of the sequence depicted in 
Figure G, encompassing the human equivalent of the region 
of nucleotides 105-1065 in Figure 6, This human cDNA 

25 clone was obtained by probing a human placental library 
using pRMIT as a hybridization probe according to known 
techniques. The sequences are highly homologous and have 
comparable reactivity with auto-mitochondrial antibodies; 
accordingly either antigen sequence could be used as the 

3Q basis of a diagnostic test to detect anti-mitochondrial 
antibodies or auto-reactive cells. 



35 
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A. iVLA^TERIALS AND METHODS. 
Screening cDNA library, 

A rat liver cDNA library in Xgt Il-Amp3 
consisting of 15/000 recombinants, of average length of 

^ 1.4kb, was-^probed by using sera from patients with PBC. 
The sera used for screening were from each of three 
patients with classical PBC who were shown to have 
antibodies to mitochondria by immunoblot analysis of 
electrophoretically separated proteins of human placental 

^0 mitochondria . As some patients with PBC have 

high-titre antibodies to E^coli . the sera were extensively 

preabsorbed against E.coli infected with non-recombinant 

phage. The sera were used for probing at a final 

11 12 

concentration of 1:1000 ' . The X-Amp3 library was 
15 incubated with E,coli . strain ST9/ for ISmin at 37*'C and 
then was plated for 2hr at 42*'C in LB agar. Thereafter, 
nitrocellulose filters that had been previously soaked in 
10ml isopropyl-thiogalactosidase (IPTG) and allowed to air 
dry were overlayed on each plate. The plates were then 
20 incubated overnight at 37**C. The nitrocellulose was 

removed after alignment and was washed for Ihr in PBS with 
5% milk powder, pH 7.4. The filters were then incubated 
for 45min with previously absorbed sera of patients with 
PBC, washed three times for 30min, and incubated with 
25 -^^^i-protein A (300,000 cpm/ml) for 45min. Finally, the 
filters were washed three times, were allowed to air dry, 
and were placed on XRP-1 film with an intensifying screen 

for an overnight (12hr) exposure. All washings and 

125 

dilutions of sera and I-protein A were done with milk 

30 powder. Putative positive clones were picked and 

12 13 

rescreened for plaque purification 
Subcloninq . 

Three clones gave positive signals, a frequency 
of approximately one in 50,000 clones. These positive 
35 clones were plaque purified. Each of these clones yielded 
an identical sized insert of approximately 1.4kd. The 
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inserts were subcloned in the plasmid vector pBTA224, 
which is a high copy plasmid expression vector with a site 
for insertion of foreign DNA identical to that of 
X-Amp3. Therefore/ 50% of the subclones should also 
give a positive signal on an iinmunoassay as the insert is 
in the same reading frame as \--Amp3 . Clones expressing 
an unrelated rat liver cDWA (the F alloantigen) were used 
as controls. Arrays of pBTA224 colonies were prepared to 
identify immuno re active clones. Colonies were incubated 
for 16hr at 37**C/ then were induced with lOmM IPTG for 
4hr, The colonies were lysed and prepared for antibody 
probing as described^^. Filters were probed with either 
a 1/1000 dilution of absorbed PBC sera or a 1/100 dilution 
of normal serum. One positive clone, designated pRMIT, 
that expressed a fused polypeptide of 160kd was selected 
for further study, 

Immunoblotting of mitochondrial proteins . 

Mitochondria from human placenta were prepared as 

described^ ' "^'^ , Polyacryl amide gel electrophoresis 

(PAGE) was performed on Imm-thick slab gels in 0*1% SDS, 

using a 3.8% stacking gel and a 10% resolving gel. Before 

PAGE, the purified mitochondria were suspended at a 

concentration of 4mg protein/ml and were incubated for 

30mxn with 10,000 U of bovine pancreatic DNAse 1 at SV^'C, 

and then were held with an equal volume of 3% aqueous 

octyl glucoside for 15min at 4*'C. . The final preparations 

were diluted with Tris-HCl, pH6,8, containing 4% SDS, 20% 

glycerol, and 5% 2-mercaptoethanol (sample buffer) and 

were boiled for 5min. Approximately lOiig protein were 

2 

loaded in each gel lane , 

Specificity of pRMIT fused polypeptide . 

To demonstrate that pRMIT expressed an antigen 
specifically reactive with sera from patients with PBC, 
lysates of the expressing clone were probed with sera from 
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15 



20 



25 



30 



healthy persons or from patients suffering from different 
autoimmune diseases. Briefly, a 100ml overnight culture 
of JMlOl cells transformed with pRMiT was diluted 1/10 in 
L-broth containing lOmM IPTG. Four hours later the 
cultures were spun at SOOOxG for lOmin and were snap 
frozen after addition of 20ml of phosphate-buffered 
saline. PAGE was performed on Imm-thick slab gels with 
0,1% SDS, using a 3.8% stacking gel and a 7.5% resolving 
gel- samples were diluted 1/100 in the above sample 
buffer and were boiled for 5rain. Each lane contained 
approximately 5 to lOpg of protein. The samples were 
probed with PBC sera diluted at 1/1000, and the reactivity 
was determined as above, using ^^S^.p^otein A and 
exposure for 18hr. These same sera also were used to 
probe immunoblots of lysates of non-recombinant control 
clones or clones expressing a fused polypeptide coded by 
an irrelevant DNA insert. The sera used were from 
patients with PBC, systemic lupus erythematosus, 
rheumatoid arthritis,' Sjogren's syndrome, chronic active 
hepatitis and from healthy normal volunteers. All control 
sera were studied at a dilution of 1/100. 
Trlpntific^t-inti of fiis<=!d polypeptide. 

The fused polypeptide expressed by pRMIT was 
characterised to determine whether it was a mitochondrial 
antigen recognised by PBC sera. The clone pRMIT was grown 
in liquid culture overnight. It was thence put into log 
phase and induced to give maximal expression of the fused 
polypeptide with lOmM IPTG for 4hr. Bacterial lysates 
were prepared as above and coupled to cyanogen 
bromide-Sepharose^^ This solid support was then used 
as an affinity reagent to bind antibodies selectively from 
seven different PBC sera. First, sera from seven patients 
with PBC were absorbed extensively with sonicates of 
E coli transformed with non-recombinant pBTA224 . Thence, 
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the sera at dilutions of 1/200 , 1/2000/ and 1/20,000 were 
passed through the lysate of pRMIT-transf ormed bacteria 
bound to a solid support. The nonabsorbed antibodies were 
collected/ compared with unmanipulated sera at the same 
final dilution/ and used to probe placental mitochondria/ 
prepared as above ♦ 

PrA paration of af f initv-purif ied antibody . 

Affinity-purified antibody was prepared by first 
extensively preabsorbing five different reactive sera with 
sonicates of JMlOl, which had been transformed with 
non- recombinant pBTA224, and then passing this absorbed 
serum over a column of JMlOl transformed with 
non-recombinant pBTA224 . Each serum was passed over a 
column of induced JMlOl cells transformed with pRMiT, and 
the column was washed for 24hr with 100-fold the bed 
volume of the column. Thence, lycine HCl was used to 
elute the bound antibodies'^^. The antibodies that had 
bound to the pRMIT absorbent were probed against 
fractionated placental mitochondria, a lysate of 
expressing pRMIT/ and a lysate of a control recombinant 
clone* They were also reacted by immunofluorescence with 
either HEp-2 cells or kidney tissue sections. 
Tsolati<-^ri nf mitochondrial an tigen expressed as f_US^ 
polypeptide . 

Isolation of the fused polypeptide was performed 
by using gel filtration in the presence of SDS to 
fractionate the insoluble pellet and to obtain material 
suitable for immunization, A clone of pRMIT was incubated 
overnight at 37**C in L-broth containing 10|ig/ml 
ampicillin. Eighteen hours later it was diluted for log 
phase growth and was induced with lOmM IPTG for 4hr. The 
E,coli preparation was then harvested at SOOOxG for lOmin, 
and the pellets were resuspended in 40ml of lOroM Tris-HCl/ 
pH8.0, containing 2mM EDTA, Lysozyme was then added to a 
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final concentration of 0.25mg/ml, and the mixture was 
rotated for SOmin at room temperature. The solution was 
made up to 0.2% of Triton X-100 with continuous mixing for 
an additional lOmin at room temperature. An equal volume 
of lOmM Tris-HCl with 2mM EDTA, 50mM NaCl, and lOmM 
MgCO^ was added with a final concentration of 2mg/ml 
DNAse. This was allowed to rotate for ISmin at room 
temperature and then was spun at ISOOxG for 5min* The 
pellet was discarded and the supernatant was spun for 
30min at lO.OOOxG. This final pellet was then 
fractionated on a Sephacryl S-300 column in tandem with a 
Sephacryl S-400 column, after dispersion of the pellet in 
0.1 M phosphate buffer, pH 6.0, with 2% SDS and lOmM 
dithiothreitol (DTT) . The fractions were eluted at 
50ml/hr, and 6-min fractions were collected for assay by 
analytical SDS-PAGE and immunoblotting . SDS was finally 
removed on a hydroxyapatite column after dilution with 
0,5M phosphate buffer, pH6,8, and ImM DTT. The purity of 
fractions was confirmed by SDS-PAGE and immunoblotting as 
above • 

Immunization o f mice. 

Groups of six BALB/c female mice were immunized 
with lOpg of purified fused polypeptide in complete 
Freund's adjuvant (CFA) . Three weeks later they were 
boosted with the same dose in CFA. Six weeks after the 
initial immunization, mice were bled and the sera were 
isolated. These sera were assayed at a dilution of 1/1000 
and were probed against PAGE-separated placental 
mitochondria as above except that affinity-purified 
-^-^^I-goat anti-mouse Ig was used. The sera were also 
studied at 1/100 by immunofluorescence, using sections of 
HEp-2 cells and kidney tissue sections as described ' ' . 
Nucleotide and amino acid sequence. 

The cDNA insert of pRMIT was subcloned into M13, 
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and the nucleotide sequence as determined ' . The 

correct frame and orientation of the insert was determined 

17 

by double-stranded sequencing of an expressing clone 

The sequence was determined in both orientations, and use 

5 was made of synthetic oligonucleotides to prime 
18 

reactions 
EL-ISA 

Briefly/ the purified recombinant fused 
polypeptide at 2iig/ml/ diluted in carbonate buffer^ was 
10 absorbed to Immulon 1 microtitre plates (Dynatech 

Laboratories, Alexandria, VA) overnight at 4*^0. After 
blocking the non-specific sites with foetal calf serum 
(FCS) buffer (5% FCS, 1% BSA, 0.3% gelatin in PBS), PBC 
sera diluted in FCS buffer, were incubated for one hour* 
15 The plates were washed three times with PBS/O-1% tween and 
then incubated with each of the following mouse monoclonal 
antibodies specific against human heavy chain isotypes: 
SG-11 for IgGl, GOM-1 for IgG2, SJ-33 for IgG3, SK-44 for 
IgG4, MB-11 for IgM and GA-1 for IgA (Miles Scientific, 
20 Naperville, IL) • The binding of mouse MoAbs were detected 
with peroxidase conjugated goat anti-mouse IgG (Tago, 
Bulingame, CA) for all except SJ-33 which was detected 
with peroxidase conjugated goat anti-mouse IgM (Tago, 
Burlingarae, CA) . ABTS was used as the colour substrate 
25 for the peroxidase. For detection of all isotypes of AMA, 
HRP-G Hulg.was used in the place of isotype specific 
monoclonals. 

Human myeloma proteins were used to obtain the 
optimal dilutions of the isotype specific MoAbs. 
30 Predetermined dilutions of myeloma proteins were coated 
onto microtitre plates and ELISA performed as before with 
serial dilutions of isotype specific MoAbs followed by the 
peroxidase conjugated reagents. The dilutions of isotype 
specific MoAbs which gave similar 0,D. units at 

35 
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approximately equal serum isotype concentrations were used 
in the ELISA* 

To obtain the optimal serum dilutions for 
screening, previously screened (by immunofluorescence) 

5 AMA-positive PBC, progressive sclerosing cholangitis and 
normal sera were titrated by the ELISA. It was found that 
a serum dilution of 1:1000 yielded the highest signal to 
noise ratio, and this dilution was used to obtain all 
results. The cut-off point for negatives were determined 

10 as 2 standard deviation above the mean O.D. of normal sera, 

B . RESULTS 

Arrays of pRMIT in BTA224 > 

Subclones of pRMIT in JMlOl were very 
15 imraunoreactive when probed with sera from patients with 
PBC, whereas control clones were nonreactive* In 
contrast, sera from normal volunteers reacted with neither 
pRMIT in JMlOl nor control clones* Positive colonies from 
arrays were used in all subsequent studies, 

20 Specificity of pRMIT fused polypeptide * 

Sera at dilutions of 1/1000 from 25 of 25 
patients with PBC reacted with a 160kd fused polypeptide 
made in pRMIT (Table I and Fig.l). This Land also reacted 
with a rabbit antiserum to B-galactosidase (data not 

25 shown) , A number of bands corresponding to components of 
lower m*w. also were recognised, including one at 
approximately 36kd, which was apparently a breakdown 
product of the 160kd molecule. These lower m.w. materials 
were only associated with pRMIT and were immunoreactive 

3Q with PBC sera. The titre of reactivity for these 25 sera 
ranged from 1:1000 to 1:1,000,000* With the use of the 
same 25 sera, the fused polypeptide was not detected in 
lysates of bacteria produced by non-recombinant pBTA224 or 
bacteria transformed with an irrelevant insert and induced 
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to express an abundant fused polypeptide. None of the 
sera from patients with systemic lupus erythematosus, 
rheumatoid arthritis/ or chronic active hepatitis reacted 
with the fused protein at dilutions of 1/100, even with 
5 autoradiographic exposures of up to 4 days* 
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TABLE 1, Reactivity of human sera with the pRMIT fused 
polypeptide. 



Group^ 


positives/Total 


PBC 


25/25 


Normal persons 


0/25 


Systemic lupus erythematosus 


0/21 


Rheumatoid arthritis 


0/18 


Chronic active hepatitis 


0/32 



PBC sera were studied at 1/1000 sera dilution; other 
groups were studied at 1/100 sera dilution. 

15 b A positive blot was one in which reactivity to a band 
of 160kd was readily visible after an autoradiographic 
exposure level of 12hr. See Figure 1. 



Tfl pntifir-a^-inn of fii!=!ftd polvpeptide. 

After absorption with the lysate of pRMIT, sera from 
all seven patients with PBC were shown to be depleted of 
antibodies reactive with the 70kd antigen (Table II). In 
contrast, such absorption did not change the reactivity to 
the 45kd or 39kd antigen. No such depletion was seen when 
PBC sera were absorbed against a lysate of a control clone 
bound to a solid support. The finding that the reaction 
of PBC sera with the pRMIT fused polypeptide appeared to 
remove detectable anti-70kd reactivity indicates that the 
cDNA encodes all determinants recognised by the 
autoantibodies to the 70kd antigen (Table II; Fig.2)- 
Af f inity-purif j f^fi antibodies .. 

The eluted antibodies o£ five different PBC sera 
reacted with the 70kd polypeptide of fractionated 
placental mitochondria and with the 160kd fused 
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polypeptide in pRMiT (Fig. 3)/ further indicating that 
pRMIT encodes the 70kd antigen. The eluted antibodies did 
not react with a lysate of bacterial proteins from a clone 
expressing a control liver cDNA, The eluted antibodies 
5 also gave a characteristic pattern of anti-mitochondrial 
staining by immunofluorescence with either HEp-2 ceills or 
kidney tissue sections. 
Inunune response o£ mice . 

BALB/c mice, after injection of the pRMiT fused 
10 polypeptide, gave an antibody response to the 70kd 

placental mitochondrial protein. Control nonimmunized 
mouse sera was nonreactive (Fig. 4). In addition, these 
sera produced a typical pattern of anti-rnitochondrial 
immunofluorescence on both HEp-2 cells and kidney tissue 
15 sections (Fig. 5), 

Nucleotide and amino acid sequence . 

The insert is 1370 base pairs long and consists 
entirely of coding region (Fig. 6). The 456 amino acids 
would code for a polypeptide of approximately 48kd, 
20 consistent with the observed size of the fused polypeptide 
produced by the clone; it is thus not a full-length 
sequence of the antigen. The sequence contains 11% 
proline, and the proline is frequently found preceded by 
short stretches of hydrophobic amino acids such as alanine 
25 and valine, e.g., from nucleotides 54 to 102. Comparison 
of the sequence of the 70kd mitochondrial autoantigen with 
known protein and DNA sequences did not reveal any closely 
homologous sequences. The sequence is not present in 
mitochondrial DNA (data not shown)/ and the 70kd protein 
30 is therefore coded for by nuclear genes. 

The sensitivity of ELISA was compared with 
immunofluorescence for 37 patients with PBC (Figure 7) , 
ELISA was found to be approximately 250 fold more 
sensitive; the average titre detected by ELISA was 
35 10^-4 whereas by iimuunof lucres cence it was only 10^. 
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TABLE II . Absorption of PBC sera with the pRMIT fused 
I - polypeptide 

Patient Preabsorption Titre^ Postabsorption Titre^ 



70kd . 45kd 39kd 70kd 45kd 39kd 



1 1:2,000 1:2,000 0 0 1:2,000 0 

2 >1:20,000 1:20,000 0 1:200 1:2,000 0 

3 >1:20,000 >1:20,000 1:2,000 1:200 >1:20,000 1:2,000 

4 1:2,000 1:200 0 0 1:200 0 

5 >1:20,000 >1:20,000 1:2,000 1:200 >1:20,000 1:2,000 

6 1:2,000 0 0 0 0 0 

7 >1;20,000 1:2,000 0 0 1:2,000 0 



a Reactivity on immunoblots using placental 

mitochondria as described; absorption with control 
lysates does not influence the titre* 
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CLAIMS : 

1. A DNA molecule comprising a nucleotide sequence 
substantially corresponding to all or a portion of the 
base sequence coding for the 70kd mitochondrial 
autoantigen of primary biliary cirrhosis <PBC), or an 
antigenically active fragment thereof. 

2. A DNA molecule according to claim 1, 
characterised by at least a portion thereof comprising a 
base sequence substantially as shown in Figure 6 or Figure 
8y or a fragment thereof. 

3. A DNA molecule according to claim 2, 
characterised by at least a portion thereof comprising a 
base sequence corresponding substantially to nucleotides 
76-679 as shown in Figure 6. 

4. A DNA molecule according to claim 2, 
characterised by at least a portion thereof comprising a 
base sequence coding for the amino acid sequence: 

AEIETDKATIGFEVQEEGYL- 

5. A recombinant DNA molecule comprising a 
nucleotide sequence as claimed in any of claims 1 to 4, 
operatively linked to an expression control sequence. 

6. An expression vector containing a nucleotide 
sequence as claimed in any of claims I to 4, operatively 
linked to an expression control sequence. 

7. A transformed host cell containing a nucleotide 
sequence as claimed in any of claims 1 to 4, operatively 
linked to an expression control sequence. 
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8, A synthetic peptide or polypeptide displaying the 
antigenicity of all or a portion of the 70kd mitochondrial 
autoantigen of primary biliary cirrhosis, or an 
antigenically active fragment thereof, 

9, A synthetic peptide or polypeptide according to 
claim 8, characterised by at least a portion thereof 
comprising an amino acid sequence substantially as shown 
in Figure 6 or Figure 8, or an antigenically active 
fragment thereof. 

10, A synthetic peptide or polypeptide according to 
claim 9/ characterised by at least a portion thereof, 
comprising an amino acid sequence substantially as coded 
for by nucleotides 76-679 as shown in Figure 6- 

11, A synthetic peptide or polypeptide according to 
claim 9, characterised by at least a .portion thereof 
comprising the amino acid sequence: 

AEIETDKATIGFEVQEEGYL. 

12, A process for preparing a synthetic peptide or 
polypeptide as claimed in claim 8, which comprises 
cultivating a transformed host cell as claimed in claim 5 
under suitable conditions/ and isolating and purifying the 
expressed peptide or polypeptide. 

13, Use of a synthetic peptide or polypeptide as 
claimed in any of claims 8 to 11, as an antigen in a 
diagnostic test, 

14, Use of a synthetic peptide or polypeptide as 
claimed in any of claims 8 to 11/ in the treatment of 
patients , 
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15* A diagnostic test for detection of 

anti-mitochondrial antibody in a serum sample/ which 
comprises the steps of: 

(i) contacting said serum sample with a synthetic 
peptide or polypeptide displaying the 
antigenicity of all or a portion of the 70kd 
mitochondrial autoantigen of PBC, or an 
antigenically active fragment thereof, said 
synthetic peptide or polypeptide being 
immobilized on a support/ and 

(ii) detecting the presence of anti-mi tochondrial 
antibody in said serum bound to said synthetic 
peptide or polypeptide* 

16, A diagnostic test kit for detection of 

anti-mitochondrial antibody in a serum sample/ which 
comprises : 

(i) a support having immobilised thereon a synthetic 
peptide or polypeptide displaying the 
antigenicity of all or a portion of the 70kd 
mitochondrial autoantigen of PBC/ or an 
antigenically active fragment thereof/ and 

(ii) means for detecting the presence of 
anti-mitochondrial antibody in said serum bound 
to said synthetic peptide or polypeptide. 
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G ly ProGluAlaPheLysAsnTyrThr LeuAspSer AlaThr 
^1 GGGCCTQAGGCTTTTAAAAATTATACATTQGATTCAGCAACA 

10 20 30 40 

ProAlaAlaProSerAlaSerAlaProG I ySerSerTyrPro 

CCAGCTGCACCTTCTGCAAGTGCTCCAGGTAGCTCCTATCCC 
100 110 120 130 

GlyThrValGlnArgTrpGlu LysLysVal GlyQluLysLeu 

GG C A CCGTCC AG AGGTGGG AA AAG A AAG T G G GAG AGAAG C TG 
I 190 200 210 220 

1 GlyPheGluVal GlnGluGluGlyTyrLeuAlaLysI leLeu 

GGCTTTGAAGTACAAGAAGAAGGTTATCTQGCAAAAATCCTG 
280 290 300 310 

I leValG luLysGlnQ luAspIleAlaA laPheAlaAspTyr 
ATAGTAG AAAAAC AGG AAGATATAG C AG CATTTG CAGACTAC 
370 380 390 400 

ProProProVal A laA laValProPro I leProGlnProLeu 
CCACCCCCAGTGGCAGCTGTTCCTCCCATCCCCCAGCCTTTA 
460 470 480 490 

ValSerProLeuA laLysLysLeuA laA laGluLysGly lie 
GTTAGCCCTCTTGCAAAGAAATTGGCAGCAGAGAAAGGGATT 
550 560 570 580 

^ LysAspI iGAspSerPheValProThrLysAlaAlQproAla 

AAGGACATTGACTCTTTTGTGCCTACTAAGGCTGCTCCTGCC 

640 650 660 670 

t 1 

% 

Fig, 6a 
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AlaAlQThrGlnAlQAlaProAlaProAlaAlaAlaPro^^^ 
GCTGCCACACAGGCAGCCCCAGCCCCAGCTGCAGCTCCAGCTGCTGCC 

50 60 70 ovj 

VQlHisMetGlnllGVQlLeuProAlQLeuSerProThrMetThrMet 
OTTCACATGCAGATTGnCTTCCTGCCaCTCCCCMCCATGAC^ 

SerGluGlvAspLeuLeuAlaGluIleGluThrAspLysAlaThrlle 
AQTGAAGGAGACTTGCTGGCAGAGATAGAGACCGACAAGGCCACCATA 

230 240 250 ^ou 

ValProQluGlyThrArgAspValProLeuGlyThrProLeuCysIle 

G?CCCT|AGGCACAAGjGATGTTCa 

ArgProThrGluValThrSerLeuLysProGlnAlaProProPro^^ 
AGGCCAACAGAAGTGACCAGCTTAAAGCCACAGGCACCACCACCTGTC 

410 ^20 430 H-^-u "^^^ 

AlaProThrProSerAlQAlaProAlaGlyProLysGlyArgyal^ 
GCACCTACCCCCTCAGCCGCTCCTGCTGGACCAAAGGGAAG^ 

500 510 520 -jU ^tvu 

AspLeuThrGlnValLysGlyThrGlyProGluGlyArgllelleLys 
GACCTCACCCAAGTTAAAGGGACGGGACCAGAAGGCAG.AATCATCAAG 

590 600 610 ozu oju 

Al nAlQAlQAlaAlaProProGlyProArgValAlaProThrProAlQ 
G ?GCAQCAGaGCTCCCCCGGGTCCAACAGTGOCA^ 

680 690 700 — — 

Fig. 6b. 
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GlyVal Phel leAspI leProI leSerAsn I leArgArgVal 
GGTGTCTTCATAGACATCCCCATCAGCAACATTCGTCGAGTG 
730 740 750 760 

LeuSerValAspValAsnMetG lyGluVa I LeuLeuVal Arg 
CTTTCTGTTGATGTAAATATGGGAGAGGTGCTGTTGGTGCGG 
820 830 840 850 

AspPhel I el I eLysAlaSerAloLeuAlaCysLeuLysVaL 
QACTTCATCATAAAAGCTTCAGCTTTGGCCTGCCTGAAAGTT 
910 920 930 940 

ValValAspValSerValAlaValSerThrProAlaGlyLeu 
GTGGTTGATGTCAGCGTTGCTGTCAGTACCCCTGCAGGACTT 
1000 1010 1020 1030 

A laSe rAspVal ValSer LeuAlaSer LysA laArgG luG ly 
GCTAGTGATGTTGTTTCTTTAGCCTCCAAAGCAAGA6AGGGT 
1090 1100 1110 1120 

LeuG lyMetPheG ly I leLysAsnPhe Ser Ala He I leAsn 
TT A GGGATGTTCGGAAnAAGAATTTC T CTGCGATTATTAAC 
1180 1190 1200 1210 

I lePr oA laAspAsnGluLysQlyPheAspValAlaSerVQl 

ATCCCTGCACATAATGAGAAAGGCTTTGACGTGGCTAGTGTG 
1270 1280 1290 1300 

Le uG luProSerG I y Leu Leu 

TTGGAGCCCAGTGGCTTGCT i 
1360 1370 I 

Fig, 6c. 
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T I pAinninArnLeuMetGlnSerLysQ InThrl leProH isTyr Tyr 
I v«;niuLeuAsnLvsMei-LeuGluGlyLysGlyLysIleSerValAsn 

DrnnhiAlaAsnSerSerTrpMetAspThrVal I leArgGlnAsnH i s 
CC?Gl|cMAcfcA|TTG'GATGGA?ACAGTTATACGACAAAATCA^ 

H eT hr Pro n eVal Phe AsnAl aH i s 1 1 eLy sG I yLeuG lu Thr lie 
i}S|caATTGTGTTTAAT6CACACATAAAAGGACTCGAAACCAn 

I wci otiHinProHi sGluPheGlnGlyGlyThrPheThrl leSerAsn 
kiI^TT|Sc'c?c"Ac^AGT^CCAGGG|GG^ACATTTACMTCTCC^ 

ProProGlnAlaCvsIleLGuAlal leGlyAlaSerGluAspLysLeu 
^^AcgASKMUmTGGCAATTGGTGCTTCCGAGGAT^^^ 

Mpt<;prVnlThrHisSerAlQVQlI lelleQluLeuTrpMetGluGln 
ATalajTcIcIcYjCfCTCTGATCATCGAGTTGTC 



5^ 



Fig, 6d 
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ProGlySerSerTyrProProHi sMetGl nValLeuLeuProAla 
C CTGGTAGCTCATATCCCC CTCACATGCAGGTACTTCTTCCTGCC 
10 20 30 40 

LysValClyGluLysLeuSerGluGl yAspLeuLeuAlaGlu lie 
AAAGTGGGTGAGAAGCTAAGTGAAGGAQACTTACTGGCAGAGATA 
100 110 120 130 

TyrLeuAlaLysIl eLeuVal ProGluGlyThrArgAspValPro 
TATCTGGCAAAAATCCTGGTCCCTGAAGGCACAAGAGATGTCCCT 
190 200 210 220 

SerAlaPheAlaAspTyrArgProThrG luVal ThrAspLeuLys 
T C AG CATT TG CTG A CTAT AGG CC A ACC G A ACTA AC AG ATTT AA AA 
280 290 300 310 

ProThrProGlnProLeuAlaProThrProSerA laProCysPro 
CCAACTCCCCAGCCTTTAGCTCCTACACCTTCAGCACCCTGCCCA 
370 380 390 400 

AlaLysLysLeuAlaValGluLysGlyl I eAspLeuThrGlnVal 
QCAAAGAAGTTGGCAGTAGAGAAAGGGATTGATCTTACACAAGTA 
460 470 480 490 

SerPheValProSerLysVal AlaProAlaProAlaAl qVqIVqI 
TCTTTTGTGCCTAGTAAAGTTGCTCCTGCTCCGGCAGCTGTTGTQ 
550 560 570 580 

ThrAspI leProIl eSerAsnl leArgArqVal I leAtaQlnArg 
ACAGATATCCCAATCAQCAACATTCGTCGGGTTATTGCACAGCGA 
640 650 660 670 

AspVal AsnMetG lyGluVal LeuLeuVal ArgLysGluLeuAsn 
GATGTAAATATGGGAGAAGTTTTGTTGGTACGGAAAGAACTTAAT 
730 740 7 50 760 

I I eLysAlaSerAl aLeuAlaCysLeuLysVa IProGluAlaAsn 
ATAAAAGCTTCAGCTTTGGCATGTTTAAAAGTTCCCGAAGCAAAT 
820 830 840 850 

VQlSerValAlaVQlSerThrProAlaGlyLeuI leThrProI I e 
GTCAGTGTTGCGGTCAGTACTCCTGCAGGACTCATCACACCTATT 
91 0 920 930 940 

Fig. 8a 
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PCr/AU87/0a427 



///// 



LeuSerProThrMetThrMetGlyThrVa IGlnArgTrpGluLys 

CTCTCTCCCACCATGACCATGGGCACAGTTCAGAGATGGGAAAAA 
50 60 70 80 90 

GluThrAspLysAlaThr IleGlyPheGluValGlnGluGluGly 
GAMCTGACAAAGCCACTATAGGTTTTGAAGTACAGGAAGAAGGT 
140 150 160 170 180 

LeuGly ThrProLeu Cys 1 1 e I leVal G luLysGl uAlaAspI t e 
CTAGGAACCCCACTCTGTATCATTGTAGAAAAAGAGGCAGATATA 
230 240 250 260 270 

ProGlnVal ProProProThrProProProVal AlaAlaValPro 

C CACAAGTGCCACC ACCTACC CC ACCCC CGGTG GCCGCTGTTCC T 
320 330 340 350 360 

A laThrProAlaGlyProLysGl yArgVal PheValSerProLeu 

GCTACTCCTGCTGGACCAAAGGGAAGGGTGTTTGTTAGCCCTCTT 
410 420 430 440 450 

LysGl yThrGlyProAspGlyArg I leThrLysLysAspI leAsp 

AAAGGGACAQGACCAGATGGTAGAATCACCAAGAAGGATATCGAC 
500 510 520 530 540 

ProProThrQlyProGlyMetAlaProVal ProThrGlyValPhe 
C CTC CC ACAGGTC CTGGAATGGC ACC AGTTC CT ACAGGTGTCTTC 
590 600 61 0 620 630 

LGuMet-GlnSerLysGlnThrll eProHisTyrTyrLeuSer I le 
TTAATGCAATCAAAGCAAACCATACCTCATTATTACCTTTCTATC 
680 690 700 710 720 

Lysl leLeuGluGlyArgSer Lysl I eSer ValAsnAspPhel te 
AAGATATTAGAAGGGAGAAGCAAAATTTCTGTCAATGACTTCATC 
770 780 790 800 810 

SerSerTrpMetAspThrVal I leArgG InAsnH i sVal Val Asp 
TCTTCTTGGATGGACACAGTTATAAGACAAAATCATGTTGTTQAT 
860 870 880 890 900 

VdlPheAsnAlaHisI leLys 

GTGTTTAATGCACATATAAAA 
950 960 

Fig, 8b. 
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S/ll 



GlyProQiuAlaPheLysAsnTyrThrLeuAspSerAlQThr 
GGGCCTQAGGCTTTTAAAAATTATACATTGGATTCAGCAACA 
10 20 30 40 

ProAloAlttProSerAlaSerALaProG lySerSerTyrPro 
CCAGCTGCA^CTTCTGCAAgTGCTCCAGGTAGCTCCTA^JCC 

GlyThrValQlnArgTrpQlu LysLysVal GLyG luLysLeu 
GGCACQQTCCAGAGGTCGGAAAAGAAACTQGCAGAGAAGCTG 
190 200 210 220 

GlyPheGloVotlGlnGluGluGlyTypLeuALaLysl ULeu 
GQCTTTQAAGTACAAGAAGAAQGTTATCTGGCAAAAATCCTG 
280 290 300 ^TiJ 

I leVQlGliiLysQlnGluAspHeAlQAtaPheAlaAspTyr 
ATAGTAGAAAAACAQGAAGATATAGCAGCATTTQCAGACTAC 
370 380 390 iOO 

ProProProVaLAlaAlaValPraProI leProGlnProLeu 
CCACCCCCAGTGGCAGCTGTTCCTCCCATCCCCCAGCm^^ 

ValSerProLeuAlalysLysLeuAlQAlaGLuLysGLy He 
G T T AG CCCTCT TG CAAAGAA ATTGGC AG CAGAGAAAGGG ATT 
550 560 570 560 

LvsAspI leAspSerPheValProThrLysAlaALaProAla 
AAGGACATTGACTCTTTTGTGCCTACTAAGGCTGCTCCTGCC 
640 650 ooO 6/U ■ 
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6/11 



GCTGCCACACAGCCAGCCCCAGCCCCAGCTQCAGCTCCAQCTGCTCCC 
50 60 70 ov 7U 

ValHisMetGLnneVaaeuProAlaLeuSerProThrMetThrMfit 
6TTCACATGCAGATTGTTCTTCCTGCCCTCTCCCCAACCATGACCATG 

1i^0 150 160 170 itfu 

SerGluGlyAspLeuLeuALdGlulleGtuThrAspLysAlaThrlLe 
AQTGAAGGAGACTTQCTQGCAGAGATAGAGACCGACAAGGCCACCATA 

230 240 250 ^oU '^'^ 

VQlProGLuGtyThrArgAspValProLeuGlyThrProLeijCy^^^ 
GTCCCTQAAGGCACAAGQCATQTTCCTCTGGGAACC|^GCTATQTATC 

ArgProThrGluVaLThrSerLeuLysProGLnAlQProProProV^ 
AGG CC AAC AG AAGTG ACC AQCTTAAAGC C ACAGG C A C C ACC AC C TGT C 

AloProThrPToSerAlaAldProAlaGlyProLysGiyArgVc^PhG 
GCACCTACCCCCTCAGCCGCTCCTGCTGQACCAAAGGQAAGQGTGTTC 

500 510 520 biU 

AspLeuThrGlnVGlLysGLyThrGLyProGluGlyArpILeHeLys 
GACCTCACCCAAGTTAAAGGGACGGQACCAGAAGGCAQAATCATCAAG 

590 600 610 o^v o-jv 

AlQAlQAlaAiaAlQProProGlyProArgValAlaProThrProM^ 
GCTGCAGCAGCTGCTCCCCGGGCTCCAAGAQTGGCACCAACTCaCC^ 

/va 6b, 



8604609A1TI > 
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7/// 



GlyVaLPhel leAspI I eProI leSerAsn I leArgArgVal, 

GGTGTCTTCATA5ACATCCCCATCAGCAACATTCGTCQAQTG 
790 740 750 760 

LeuSerVatAspVal AsnMetGlyGluVa i LeuLeuVa I Arg 

CTTTCTGTTGATGTAAATATGGGACAGGTCCTGTTGGTGCGG 
820 630 840 650 

AspPhel L el I eLysAldSerA LaLetA laCysLeuLysVal 

GACTTCATCATAAAAQCTTCAGCTTTGGCCTOCCTQAAAQTT 
910 920 930 940 

VatValAspValSerVQlAlaValSerThrProAlaGlyLeu 
GTCeTT^ATGTCAaCC3|T^5TQTCAe|^^5CCTGCA^g|5TT 

AtaSerAspValVaiSer LeuALaSerLysAlaArgGluG ly 

GCTAGTGATGTTQTTTCTTTAGCCTCCAAAGCAAGAGAGGQT 
1090 1100 1110 1120 

LeuG lyMefPheG ty UeLysAsnPheSerAlalLelleAsn 
TTA GGGATGTTCQGAATTAAGAATTTC T CTCCGATTATTAAC 
11B0 1190 1200 1210 

I LePr oA laAspAsnGluLysQIyPheAspVaJ AtaSerVa I 

ATCCCTGCAGATAATGAGAAAGGCTTTCACGTGGCTA6TGTG 
1270 1280 1290 1300 

Le uG I uProSerG 1 vLeuLeu 

TTCGAGCCCAGTCGCTTGCT j 
1 360 1370 I 

Fra 6c 
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riaAlaGLnArgLeuMetGlnSepLysGLnThrl leProH isTyrTyr 
ATTGCGCAGAckTCATGCAGTCGAAGCAGACTATACCTCATTA 

LysQluLeuAsnLysMetLeuGluGlyLysGlyLyslleSerValAsn 
AAGGAAC TTAATAAG ATG CTTQ AAQGTAAAGGA AAAATC TC C GTCAAT 
a60 870 680 890 90 0 

ProGluAlaAsnSerSerTrpMetAspThrVal I leArgGLnAsnH i s 
CCTGAAOCAAACTCATCTTGGATGQACACAGTTATACGACAAAATCAT 
950 960 970 980 990 

1 Lei hrPro I leVatPheAsnALafiisILeLysQlyLeuQLuThr He 
ATCACCCCTATTGTGTTTAATGCACACATAAAAGQACTGGAAACC^ 
1040 1050 1060 1070 lOdu 

LvsLeuGlnProHisGLuPheCLnGlyGlyThrPheThrllGSGrAsr) 
AAACTTCAGCCTCACQAGTTCCAGGQTGGGACATTTACAATCTCCAAC 
1 1 30 1 140 1150 1160 11 70 

PpoProGtnAlaCysHeLeuALal leGLyALaSerCLuAspLysLeu 
CCAC CT C AGGCAT G TATTT TQGCAATTGGTQCTTC CGAG GATAAACTQ 
1220 1230 1240 1250 1260 

MefSerVdlThrHisSerAlaVal I Le UeGluLeuTrpMetGLuG In 
ATGTCTGTCACACACTCAGCTGTGATCATCGAGTTGTQGATGCAGCAG 
1310 1320 1330 1340 1350 
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SUBSTITUTE SHEET 



ProQLySerSerTyrProProHi sMetQl nVatLeuLeuProALa 

C CTGGTAGCTCATATC CCC CTCACATQCAGGTACTTCTTCCTGCC 
10 20 30 40 

LysValGlyGluLysLeuSerGLuGlyAspLeuLeuAlaGluIU 

AAAGTGGGTQAGAAQCTAAGTGAAGGAGACTTACTQGCAGAGATA 
100 110 t20 130 

TvrLeuALaLysUeLeuValProGLuQ lyThrArgAspValPro 

TATCTGGCAAAAATCCTCGTCCCTGAAQGCACAAQAQATQTCCCT 
190 200 210 220 

SerAlGPheAlaAspTyrArgProThrQ LuVqI ThrAspLsuLys ' 
TCAGCATTTGCTGACTATAGGCCAACCGAAQTAACAGATTTAAAA 
280 290 300 310 

ProThrPraG InProLeuAiaProThrProSerAlaPrDCy sPro 

CCAACTCCCCAGCCTTTAGCTCCTACACCTTCAGCACCCTGCCCA 
370 380 390 400 

I 

AlaLysLysLeuAlaVaLGluLysGly I leAspLeuThr GlnVal 

GCAAAGAAGTTGGCAQTAGACAAAGGGATTGATCTTACACAAGTA 
460 470 480 490 

SerPheValProSerLysValAlaProAlaProAtaALaValVal 

TCTTTTGTGCCTAGTAAAGTTGCTCCTGCTCCQGCAQCTGTTGTG 
550 560 570 5fl0 

ThpAspI lePrg It eSer Asn 1 1 eArgArgVal 1 1 EALaGl nArg 
ACAGATATCCCAATCAGCAACATTCGTCGGGTTATTGCACAGCGA 
640 650 660 670 

AspVal AsnMetG LyGluVaLLeuLeuVol ArgLysGluLeuAsn 
GATQTAAATATGQGAGAAGTTTTQTTGGTACGGAAAGAACTTAAT 
730 . 740 7 50 760 

I LsLysAlaSerAl aLauAlaCysLeu LysVa I ProGluALaAsn 
ATAWGCTTCAGCTTTGGCATGTTTAAAA,GTTCCCQAAGCAAAT 
820 830 840 850 

ValSerVal A laValSerThrProAl aGly Leu I teTJirProI t e ' 
GTCAGTGTTGCGQTCAGTACTCCTGCAGGACTCATCACACCTATT 
910 920 930 940 1 

na8a 
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ii/ii 

LeuSerProThrMetThrMetGlyThrValGlnArgTrptjluLys 

CTCTCTCCCACCATGACCATGGGCACAGTTCACAGATGQGAAAAA 
SO 60 70 80 90 

GluThrAspLysAloThr ILeQiyPheGluVQlGUGluGluGl y 
GA.AACTGA C.AAAGC C ACT ATAGGTTT TGAAGTACAGGAAGA AGGT 
140 150 160 170 180 

LeuGLyThrProLeuCysI LelleValGluLysGLuALaAspHe 
CTAGGAAC C CCACT C TGT AT C ATTGT AGAAAAAGA6Q CAGATATA 
2 30 240 250 260 270 

ProGinVa lProProPfoThrProPpoProVa[ ALaAlaValPro 

CCACAA(JTGCCACCACCTACCCCACCCCCGCTGGCCGCTGTTCCT 
320 330 340 350 360 

A t aTh rPro A ( aG L y Pr o Lys G [ yArg Val PheVa I Ser Pr o Leu 
GCTACTC CTGCTGGACC A AAG GQAAGGGTGTTTQTT AGC CC TCTT 
; 410 420 430 440 450 

LysGlyThrGlyProAspQlyArq l UThrLysLysAspHeAsp 

i AAAGGGACAGGACCAQATGGTAGAATCACC AAGAAGGATATC GAC 
500 510 520 530 540 

ProProThpClyProGlyMat-AlaPpoValProThrGlyVQlPhe 

CCTCCCACAGCTCCTGGAATCGCACCAGTTCCTACAGGTGTCTTC 
; 590 600 61 0 620 630 

ilGuMetGLn SerLysGinThrlt eProHisTypIyrteuSer lie 
TTAATCCAATCAAAGCAAACCATACCTCATTATTACCTTTCTATC 
680 690 700 71 0 720 

LysIleLeuCluQlyArgSerLysn eSerVaLAsnAspPhel le 
AAQATATTAGAAGGQAQAAGCAAAATTTCTGTCAATGACTTCATC 
770 790 790 BOO 810 

SerSerTrpMeMspThrVaL I LfiArgGLnAsnH i s VaCVaLAsp 
TCTTCTTGGATQGACACAGTTATAAGACAAAATCATGTTGTTGAT 
860 870 880 890 900 

Vdl PheAsnAlaHi sH eLys 

QTGTTTAATGCACATATAAAA 
950 960 



